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THE  CONCENTRATION  OP  THE  HEAVY  ISOTOPES  OP  CARBON  BY 

A  CHEMICAL  METHOD 

/"This  is  a  translation  of  an  article  written  by  Yu. 

K»  ShAposhnikov  in  Zhurnal  Fizicheskoy  Khimii  (Journal"  of 
Physical  Chemistry),  Vol  XXXII,  No  4,  Moscow,  1958,  pages 
8°6-874  J/ 

For  the  concentration  of  heavy  isotopes  of  carbon, 
various  methods  are  in  use:  thermodiffusion,  fractional  dis¬ 
tillation  and  isotope  exohange  £~1 J ,  The  two  latter  methods 
are  suitable  for  obtaining  large  quantities  of  compounds  en¬ 
riched  by  C15. 

There  are  two  reactions  /“2-3__7  used  at  the  present 
time  as  a  method  for  the  separation  of  carbon  isotopes: 

HC12N  +  C13N-  r?  HC13N  +  C12N“j 
C13Op  +  HC12CL  +?  C120o  4-  HC13(T. 

A  substantial  defect  of  the  bicarbonate  method  appears 
to  be  the  slow  rate  of  the  carbon  dioxide  hydration  /~3-5_7 
limiting  the  entire  separation  process.  In  addition  to  that, 
when  the  bicarbonate  and  cyanide  methods  of  C*3  concentra¬ 
tion  are  used  there  is  a  substantial  loss  of  these  substances 
and  the  sulfuric  acid.  'The  acid  is  needed  for  decomposition 
of  the  salts  in  the  heater  in  order  to  separate  HCN  and  COg 
returning  into  the  exchange  column. 

The  work  of  Shchennikova  dlsolosed  that  an 

aqueous  solution  of  monoethanolamine  becarbonate  can  be  used 
as  a  working  solution  in  the  bicarbonate  method  of  C-1*3  con¬ 
centration  since  it  decomposes  with  separation  of  CO2  at 
ordinary  boiling  /~7-9 Therefore,  when  this  method  is 
used,  there  is  no  necessity  for  using  sulfuric  acid.  In 
Addition,  the  spent  solution  of  monoethanolamine  can  be  re¬ 
turned  again  into  the  exchange  column  by  converting  it  first 
into  a  solution  of  monoethanolamine  bicarbonate.  The  in¬ 
troduction  into  this  solution  of  a  ferment  --  carbonic 
anhydraze  in  the  form  of  an  alcohol-chloroform  solution  — 
according  to  our  experiments  materially  increases  the  speed 
of  the  process  and  consequently  is  a  factor  of  the  column 
separation. 


1 


Experimental  Part 


/ 


Isotope  exchange  in  a  solution  of  A  monoethanolamine 
bicarbonate  can  be  presented  by  the  following  overall 
equation: 

RHNH2HCl203(p  )  +  Cl302(r)  RRNHgHC1303(  p)  -  C1202(r), 
where 

R  -  GH2CH20H 

The  carbon  Isotope  exchange  takes  place  In  a  counter¬ 
flow  column,  A  solution  of  monoethanolamine  bicarbonate  is 
fed  into  the  upper  part  of  the  column.  The  monoethanolsumine 
bicarbonate  trickled  through  the  packing  in  the  column  and 
entered  into  the  evaporating  column  with  the  heater  where 
the  process  of  regeneration  of  C0p  from  the  monoethanolamine 
was  taking  place.  Separated  carbon  dioxide,  freed  from 
water  vapors  in  a  condenser,  entered  into  the  exchange 
column  below.  As  a  result  of  multiple  repetitions  of  the 
exchange  reaction  between  the  gas  and  the  liquid  phases  in 
the  column,  the  solution  of  monoethanolamine  bicarboante 
flowing  downward  along  the  packing  became  somewhat  enriched 
with  heavy  isotope  of  carbon. 

In  our  work  we  used  radioactive  isotope  as  an 
indicator..  For  the  measurement  of  activity  of  samples  con¬ 
taining  C1  we  used  a  measuring  device  of  the  inner  filling  > 

type  £  10 _/.  The  value  of  the  obtained  enrichment  with  C™ 
was  determined  by  a  ratio  F  z  A/a 0  (the  activity  of  solu¬ 
tions  at  the  bottom  of  column  A  and  the  original  solution 
Aq).  The  carbon  dioxide  does  not  regenerate  fully  from  the 
monoethanolamine  solution  in  the  heater  with  the  evaporating 
column.  The  quantity  of  carbon  dioxide  remaining  in  the 
solution  was  determined  by  the  method  of  isotope  dilution 
(6), 

From  the  data  dealing  with  the  solubility  of  carbon 
dioxide  in  the  boiling  solution  of  monoethanolamine  and 
from  its  content  in  the  original  solution  the  separation 
P  was  calculated  according  the  formula- 


P  z  JL  iqo% 

L 

where**.  —  solubility  of  C0g  in  a  boiling  monoethanolamine, 
L  —  content  of  C02  in  the  original  solution  determined  by 
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Valumetric  meter  /~11 J *  The  relative  error  of  determining’ 
the  factor  of  the  column  separation  was  accepted  "by  us  to 
be  equal  to  3 

The  errors  of  determining  the  amount  of  the  separat¬ 
ing  were  a  sum  of  errors  in  measuring  the  amounts  of  l  and 
iuf 

Considering  all  factors,  the  relative  error  of  sepa¬ 
rating  CC>2  from  the  heater  does  not  exceed  £10%' 

Discussion  of  Results 


The  separating  ability  of  the  column  depends  on 
this  series  of  factors:  concentration  of  the  working  solu¬ 
tion;  temperature  in  the  exchange  oolumn;  rate  of  feeding 
the  working  solution;  shape  of  the  packing  and  the  presence 
in.  the  solution  of  different  quantities  of  the  oatalyzer 
carbonic  anhydraze  ferment. 

The  effect  of  the  monoethanolamine  bicarbonate  con¬ 
centration  on  the  value  of  the  separation  factor  was 
studied  in  a  series  of  special  experiments. 


Pig.  1.  Relationship  between 
the  factor  of  the  column  sepa^ 
ration  and  the  concentration 
of  monoethanolamine  bicarbo¬ 
nate. 


Pig.  2.  Relationship  be¬ 
tween  the  factor  of  the 
column  separation  and  the 
temperature:  1-0.95  mole/b 
2-1.50  mole/b. 


Investigations  were  conducted  with  a  2.8m  column  with 
an  inner  diameter  of  12  mm.  For  packing  an  activated  car¬ 
bon  was  used  in  sizes  of  grains  1.5-2. 0  mm.  The  temperature 
was  maintained  within  the  limits  18-20°C.  The  results  of 
experiments  to  determin  the  ratio  between  the  separation 
factor  and  the  concentration  of  the  monoethanolamine 
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bicarbonate  solution  are  shown  in  Pig  1,  from  which  it  is 
apparent  that  the  separation  factor  of  the  column  has  a 
maximum  value  at  the  aonoethanolamine  bicarbonate  concen¬ 
tration  0. 9-1.0  mole/l. 

In  addition,  these  series  of  experiments  proved  that 
the  relative  losses  of  the  carbon  dioxide  in  the  boiling 
solution  of  monoethanolamine  bicarbonate  increase  with  the 
decrease  of  the  concentration  of  the  working  solution 
though  the  solubility  of  C02  in  a  boiling  solution  of  mono- 
^thanolamine  remains  constant.  (0.7  ml  CO?/®!,  solution). 

The  experiments  conducted  by  us  indicate  that  the 
value  of  the  separation  factor  of  the  column  depends  also 
on  the  temperature  in  the  column.  This  relationship  was 
determined  for  four  concentrations  of  monoethanolamine 
bicarbonate  solution  0.65;  0.95;  1.15  and  1.5  mole/l  at 
intervals  of  5.0  -  50.0»C*  Some  of  the  experimental  data 
is  shown  in  Pig.  2.  The  maximum  value  of  the  column  sepa¬ 
ration  factor  is  within  the  limits  of  15  -  25 °C  for  all 
studied  concentrations.  The  obtained  relationships  between 
the  column  separation  factor  and  the  concentration  of  the 
monoethanolamine  bicarbonate  solution  and  the  temperature 
in  the  exchange  column  follow  from  the  Cohen  formula  A2  7, 
In  the  case  when  the  separation  is  not  equal  to  zero, 


_ 0  — •  f)  4-  Q 


Here  ^jp  -  is  a  factor  of  the  column  separation  at  the  sepa¬ 
ration  equal  />, «  -  a  single  stage  separation  factor: 

6  =?  H  9  =  ~£f~  (ft  —  1)£, 


c'  -  bicarbonate  concentration  in  a  solution;  ,c  -  concen¬ 
tration  of  carbon  dioxide  in  gas;  k  -  constant  directly  de¬ 
pending  on  the  rate  of  the  isotope  exchange;  Z  -  height 
of  the  column;  L  -  rate  of  flow  of  the  working  solution  in 
the  column. 

When  separation  is  zero  the  separation  factor  has  the 
following  value: 


*=  =*  e(Hee‘ILH»-i)Zt 

Prom  this  expression  it, is  apparent  that  the  sepa¬ 
ration  factor  increases  with  the  increase  of  the  bicarbo¬ 
nate  concentration  in  a  solution  and  the  concentration  of 
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the  carbon  dioxide  in  gas.  The  decrease  of  the  value  of  P 
while  the  concentration  of  the  working  solution  is  in  ex¬ 
cess  of  0,9  -  1.0  N  can  be  explained  by  the  fact  that  the 
speed  constant  of  the  isotope  exchange  diminishes  its 
value.  Therefore,  the  resulting  effect  of  these  two  values 
shows  that  the  separation  factor  of  the  column  has  a  maxi¬ 
mum  value  at  a  definite  concentration  of  the  monoethanola- 
mine  bicarbonate  solution.  With  the  increase  of  the  tem¬ 
perature  in  the  exchange  column  the  speed  constant  of  the 
isotope  exchange  increases,  and  a  concentration  of  bicarbo¬ 
nate  in  the  solution  and,  consequently,  CO2  in  the  gas  de¬ 
creases.  The  effect  of  changeability  of  these  two  values 
explains ''the  presence  of  maximum s  in  connection  with  the 
temperature  dependency  of  the  separation  factor  of  the 
column. 

In  the  present  work  we  compared  the  results  of  the 
column  work  filled  in  with  an  activated  carbon  and  silica 
gel  as  packing.  The  silica  gel  was  marked  ChSMj  the  size 
of  grain  was  2,5  -  3.5  mm. 

As  a  result  of  these  experiments  it  was  established 
that  silica  gel  as  well  as  activated  carbon  do  not  posses 
catalytic  qualities  with  relation  to  the  isotope  exchange 
between  the  bicarbonate-ion  and  the  carbon  dioxide. 

Experiments  were  conducted  in  a  column  6m.  long 
with  an  inner  diameter  of  15  mm.  at  18  -  20°  C.  The. sepa¬ 
ration  factor  of  the  column  with  carbon  packing  is  equal  to 
1.17  and,  with  silica  gel  packing,  to  1.25.  The  increase 
in  the  value  of  t  he  separation  factor  for  silica  gel  pack¬ 
ing  in  comparison  with  the  activated  carbon  can  be  explained 
by  a  greater  grip  of  the  liquid  on  the  surface  of  the 
silica  gel. 

Por  the  increase  in  the  rate  of  the  isotope  exchange 
between  the  bicarbonate-ion  and  the  carbon  dioxide,  we 
utilized  carbonic  anhydraze.  These  experiments  were  con¬ 
ducted  in  a  column  6  m.  long  and  inner  diameter  15  mm.  with 
packing  of  silica  .gel  (size  of  grain:  2.5  -  3.5  mm.)  at 
room  temperature.  Por  all  experiments  we  used  1.02  mol/1, 
monoethaholamine  bicarbonate  solution.  The  rate  of  feeding 
the  working  solution  into  the  column  was  0,57  m./min.  CM^. 
The  carbonic  anhydraze  was  added  to  the  working  solution 
in  quantities  of  1  to  14.3$. 

The  results  of  these  experiments  are  shown  on  dr. 

3-5. 

It  is  apparent  from  these  experiments  that  an  addi¬ 
tion  of  carbonio  anhydraze  to  the  working  solution  increases 
the  separation  factor  of  the  column.  The  carbonic  anhydraze 
influences  the  factor  even  if  the  enzyme  solution  is  diluted 
100  times.  With  a  further  increase  of  the  concentration  of 
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the  alcohol-chloroform  preparation  of  the  carbonic  anhydraz^ 
in  the  working  solution,  the  separation  coeificient  of  the 
column  increases  (Pig.  4).  A  10*  concentrate  of  the  fermen, 
in  the  working  solution  produces  a  maximum  value  of  1.4  lor 
the  column  separation  factor;  that  is,  increases  the  factor 
100*  in  comparison  with  the  value  of  the  factor  obtained  in 
experiments  without  the  addition  of  enzyme  to  the  working 
solution. 
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Pig.  Relationship  between  Pig.  4.  Relationship  bet- 
the  column  separation  factor  ween  1  -  the  column  sepa- 
and  the  time:  1  -  without  addi-  ration  factor  and  2  -  the 
tion  of  ferment  to  the  working  separation  G0$  from  the 
solution;  2  -  with  addition  monoethanolamine  and  the 

of  1*  of  ferment  to  the  work-  concentration  of  the  car¬ 
ing  solution;  3  -  with  addi-  bonic  anhydraze  solution 
tion  of  5*  ferment  to  the  in  the  working  solution, 

working  solution, 

Further  increase  of  the  enzyme  not  only  failed  to 
increase  the  separation  factor  of  the  column  but  actually 
decreased  it  for  two  reasons:  strong  dilution  of  the  work¬ 
ing  solution  with  ferment  destroys  the  conditions  for  ob¬ 
taining  a  maximum  separation,  because  the  concentration  of 
the  monoethanolamine  bicarbonate  solution  is  reduced;  the 
increase  in  the  concentration  of  the  ferment  solution  is 
not  necessarily  connected  with  its  enzyme  activity. 

It  is  apparent  from  Pig.  4  that  with  the  increase 
of  the  concentration  of  the  preparation  of  carbonic  an- 
hvdraze  in  a  monoethanolamine  bicarbonate  solution,  xne 
separation  of  COp  from  the  working  solution,  flowing  from 
the  heater,  decreases  to  an  insignificant  value  of  0.1*. 

prom  the  data  obtained  from  Pig*  5*  it  follows  that 
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an  addition  of  small  quantities  of  ferment  results  in  an 
increase  of  the  separation  factor  of  the  column  from  1,24 
to  1.30  1.32,  at  the  time  when  the  separating  of  CO?  from 

the  boiling  monoethanolamine  solution  flowing  from  the 
heater  remains  constant. 

With  the  increase  of  the  ferment  concentration  in 
the  working  solution  the  Separation  factor  of  the  column 
increases  but  the  separation  is  decreased.  Therefore,  the 
increase  of  the  separation  factor  of  the  column  is  condi¬ 
tioned  not  only  by  a  specific  action  of  the  carbonic  an- 
hydraze,  that  is,  the  ability  to,  speed  up  the  hydration  of 
the  reaction  and  dehydration  of  CO?  in  the  column,  but  also 
by  diminishing  the  separation  of  the  carbon  dioxide  from 
the  monoethanolamine  solution  flowing  from  the  heater. 

The  relationship  between  the  separation  factor  of 
the  column  and  the  time  shown  on  Fig.  3  does  not  answer 
the  question:  does  the  use  of  carbonic  anhydraze  as  a  cata¬ 
lyzer  lead  to  a  decrease  of  the  time  for  reaching  equilibrium 
in  the  column  inasmuch  as  simultaneously  the  separation  fac¬ 
tor  of  the  column  also  increases?  But  with  the  increase  of 
the  separation  factor,  the  time  for  reaching  a  stationary 
condition  in  the  column  increases.  Therefore,  for  compari¬ 
son  it  is  necessary  to  select  such  conditions  that  the 
separation  factor  of  the  column  without  the  presence  of  the 
ferment  in  the  working  solution  would  be  equal  to  the  sepa¬ 
ration  factor  with  the  addition  of  the  enzyme  to  the  work¬ 
ing  solution.  For  this  purpose  we  selected  a  column  10  m. 
long  and  of  a  12  mm  inner  diameter.  Silica  gel  marked  ChSM, 
diameter  of  grain  2-2.5  mm.  was  used  as  packing.  The  ex¬ 
periment  was  conducted  at  room  temperature . 
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Fig.  5.  [Relationship  between  the  separation  factor  and 
the  amount  of  the  separation:  1  -  Calculated  according  to 
the  Cohen  formula  ^""12  7;  2  -  obtained  in  experiments 

with  the  use  of  carbonic  anhydraze;  3  -  obtained  in  experi¬ 
ments  without  the  addition  of  carbonio  anhydraze  to  the  --- 
working  solution. 
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Pig.  6.  Comparison  of  the  time  required  to  reach  equili¬ 
brium  in  columns  of  different  length:  1  -  With  the  addi¬ 
tion  of  1 $  of  ferment  to  the  working  solution  in  the  column 
6  i,  in  length;  2  -  without  the  addition  of  ferment  to 
the  working  solution  in  a  column  10  m. 

The  rate  of  the  flow  of  the  working  solution  in  the 
column  was  0.62  ml/min.  cm2.  The  monoethanolamine  bicar¬ 
bonate  concentration  was  equal  to  1.03  mol/1.  To  the  work¬ 
ing  solution  3$  of  etnyl  alcohol  was  added  to  clarify  a 
question:  does  the  alcohol  serve  to  diminish  the  separation 
of  COp  from  the  monoethanolamine  solutions  flowing  from 
the  heater^  while  the  alcohol-chloroform  solution  of  car- 
bonio  anhydraze  is  added  to  the  monoethanolamine  bicar¬ 
bonate?  „  . 

The  results  are  shown  on  Pig.  6  by  means  of  curve  2. 
Por  the  purpose  of  comparison  an  experiment  was  conducted 
with  an  addition  of  1#  of  carbonic  anhydraze  to  the  work¬ 
ing  solution  (Pig.  6,  curve  1)  in  a  6  m.  oolumn.  It  is 
apparent  from  Fig.  6  that  in  this  experiment  an  equili¬ 
brium  was  reached  after  20  hrs.  of  the  column  work,  and 
in  the  experiment  with  a  column  10  m.  high  the  stationary 
condition  was  reached  only  after  70  hrs.  of  uninterrupted 
work  of  the  column.  The  separation  of  C02  taken  from  the 
heater  with  the  solution  of  monoethanolamine  in  an  experi¬ 
ment  with  an  addition  of  3 $  alcohol  to  the  working  solu¬ 
tion  decreased  to  the  value  of  .0.3$. 

Therefore,  from  the  cited  data  it  is  apparent  that 
in  order  to  reach  a  separation  factor  equal  to  1.32  -  1.33 
the  time  for  establishing  equilibrium  in  a  column  was 
reduced  in  half.  In  addition,  the  experiment  in  column 
10  M.  indicated  that  the  amount  of  the  solubility  of  CO? 
in  a  boiling  solution  of  monoethanolamine  decreases  with 
the  addition  of  ferment  to  the  working  solution  due  to  the 
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presence  of  alcohol  in  the  preparation  of  the  anhydraze. 

The  cited  experiments  support  the  fact  that  the  rate  of 
carbon  isotope  exchange  between  the  carbonate-ion  and  COg 
is  limited  by  the  speed  of  the  hydration  of  the  carbon  dio¬ 
xide*  The  value  of  VETT  in  experiments  with  addition  of 
various  concentrations  of  the  carbonic  anhydraze  to  the  work¬ 
ing  solution  is  within  the  limits  65  -  80  cm.  considering 
that  the  single  stage  of the  separation  factor  for  the  ex¬ 
change  of  isotopes  C12-C^4  between  COo  and  3C0~  ions  is 
equal  to  1.039  . 

The  separation  factor  of  the  column  for  the  exchange 
of  isotopes  C12-C13  will  attain  smaller  value  in  comparison 
with  the  obtained  values  of  F  for  the  separation  of  isotopes 
(jI2_c14,  because  the  single-stage  separation  factor  during 
production  of  C13  is  equal  to  1.012  /~*14 J > 

In  conclusion  the  author  wishes  to  express  apprecia¬ 
tion  to  I.  A.  Korshunov  for  his  interest  in  the  work  and 
constant  help  in  its  execution, 

CONG  EIISIOHS 

1.  Within  the  limits  of  the  studied  concentrations 
of  an  aqueous  monoethanolamine  solution  (0.3  -  2.0  mol/l  ) 
the  greatest  separation  of  the  carbon  isotope  took  place 
when  we  used  solutions  with  monoethanolamine  bicarbonate 
concentrations  of  0.9  -  1,0  mol/l. 

2.  The  maximum  separation  factor  for  all  studied 
concentrations  of  monoethanolamine  bicarbonate  solutions 
was  obtained  at  15  -  25°  C. 

3..  An  addition  of  carbonic  anhydraze  to  the  mono¬ 
ethanolamine  bicarbonate  solution  as  a  catalyzer  during  the 
processes  of  dehydration  and  hydration  of  COg  increases  the 
value  of  the  separation  factor  of  the  column  and  decreases 
the  value  of  COg  separation. 

4.  An  audition  of  alcohol  to  the  monoethanolamine 
bicarbonate  solution  decreases  the  value  of  COg  separation 
8  to  10  times. 

5.  An  addition  of  carbonic  anhydraze  to  the  working 
solution  decreases  the  time  for  reaching  equilibrium  in  the 
column  at  equal  concentrations  of  the  products. 

Gorkovskiy  State  University  Entered 

imeni  N.  I.  Lobachevskiy  29  December  1956 
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THE  ENRICHMENT  OF  THE  RARE  CARBON  ISOTOPE  BY  A  CHEMICAL 

METHOD 

Yu,  K,  Shaposhnikov  (Gorky) 

Summary 

The  isotope  exchange  reaction  between  CO2  and  an 
aqueous  solution  of  monoethanolanine  bicarbonate  has  been 
used  for  the  enrichment  of  the  rare  carbon  isotope.  The 
radioactive  isotope  C*4  Was  used  as  indicator,  Monoethano- 
lamine  bicarbonate  was  decomposed  by  simply  boiling  in  a 
boiler.  Activated  carbon  and  silica  gel  were  employed  in 
the  exchange  column  as  fillers. 

The  effect  the  monoethanolamine  bicarbonate  con¬ 
centration  and  of  the  temperature  in  the  exchange  column  on 
the  separation  factor  was  established.  Maximum  separation 
of  the  carbon  isotope  was  attained  at  a  temperature  in  the 
exchange  column  of  20°  with  a  0.9  -  1,0  M.  solution  of  the 
bicarbonate. 
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Carbonic  anhydrase  was  used  to  increase  the  exchange 
reaction,  its  addition  to  the  bicarbonate  solution  increasing 
the  separation  factor  of  the  column  and  lowering  the  time 
required  to  attain  equilibrium  in  the  column  at  equal  con¬ 
centrations  of  the  products. 

The  addition  of  carbonic  anhydrase  to  the  solution 
in  operation  lowers  the  CO2  solubility  in  the  boiling  mono- 
ethanolamine,  making  for  complete  return  of  the  COg  to  the 
column, 

A  similar  effect  is  observed  on  adding  ethyl  alcohol 
to  the  solution. 


END 


#  1226 
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